We present a case study of a severe episode of iodine toxicity following povidone-iodine wash with clinical manifestations of cardiovascular collapse, metabolic acidosis, renal failure and seizures. Povidone-iodine has been used as a medical antiseptic and disinfectant since 1952. Iodine toxicity secondary to povidone-iodine use is rare. Iodine toxicity is difficult to diagnose and the diagnosis is made by a high index of suspicion. Toxicity due to iodine correlates with serum and urine iodine levels. Treatment of iodine toxicity is supportive.
A 67-year-old man with a past medical history of hypertension and asthma presented for repeat functional endoscopic sinus surgery at another institution.
The procedure was expected to be technically difficult as it involved a polypectomy, uncinectomy, widening of the middle meatus, antrostomy, bilateral sphenoidectomy and bilateral frontal trephines with bilateral frontal recess clearance.
Three hundred millilitres of 10% povidoneiodine was used as an irrigant during a three-hour procedure. The procedure was terminated prematurely following an episode of hypotension (SBP=50 mmHg) and hypoxaemia (SpO 2 of 80 to 85%). The patient's condition was stabilised and he was extubated to non-invasive ventilatory support.
In the recovery unit his blood pressure was noted to be elevated (174/100 mmHg). He was also noted to be oliguric with macroscopic haematuria. Investigations revealed a raised international normalised ratio (2.4) and activated partial thromboplastin time (146.9 seconds). He was transferred to our care for ongoing management of the above issues the following day.
In addition to being hypertensive, oliguric, coagulopathic and haematuric, further investigations showed a metabolic acidosis, hypernatraemia, hyperosmolarity and renal failure. His chest X-ray and electrocardiogram were unremarkable. The echocardiogram demonstrated normal left and right ventricle cavity size and contraction, with mild left ventricular hypertrophy.
The patient's urine colour was brownish black with a red cell count more than 100×10 6 /l. The haemolytic screen showed normal reticulocyte count and haptoglobin levels. The direct antiglobulin test was negative. Schumm's test was positive for haemolysis. Blood tests for vasculitis and porphyria were negative.
The patient remained anuric despite fluid resuscitation and frusemide challenge, hence continuous veno-venous haemodiafiltration was commenced. The following day, the patient had three generalised tonic-clonic seizures lasting 40 to 60 seconds with airway compromise necessitating intubation. A computed tomography scan of the brain excluded intracranial pathology. Anticonvulsants were subsequently commenced. On reviewing the intra-and perioperative course, one of the possible causes of this clinical state was thought to be of significant iodine absorption from the surgical field resulting in iodine toxicity. To confirm this, urine samples were sent to Westmead Hospital for the estimation of urine iodine levels. Elevated urine iodine levels confirmed the diagnosis of iodine toxicity ( Figure 1 ).
With supportive care, the patient's clinical state improved and he was extubated after three days. His subsequent recovery was uneventful. Ongoing requirement for intermittent haemodialysis ceased by the time of discharge from the hospital 25 days after the repeat functional endoscopic sinus surgery procedure.
He currently remains well, requiring no specific ongoing care relating to this illness.
DISCUSSION
Povidone-iodine or polyvinyl-pyrrolidone iodine complex is an iodophor containing a loose combination of iodine with a non-ionic surfactant in which some of the iodine may be available in its molecular form 1 . Povidone (polyvinyl-pyrrolidone, PVP) is a synthetic polymer that was used in Germany as a plasma substitute during World War II. PVP is a mixture of small and large polymers with an average molecular weight of 40,000 D. PVP is not metabolised in the human body. Small polymers are less toxic and excreted through the kidney while the higher molecular weight polymers of povidone are not excreted through the kidneys and therefore deposit in tissues causing hepatic and renal failure. Since PVP causes granulomatous cirrhosis it was abandoned as a plasma substitute 2 .
The bactericidal component in Betadine is iodine 3 . Iodine is an essential micronutrient consumed in food or water as iodide or iodate. The iodate is converted to iodide in the stomach and jejunum and absorbed into the bloodstream, from where it is distributed uniformly throughout the extracellular space. The thyroid is the storage site of greater than 90% of the body's iodine content but uses only a fraction of the iodide supplied to it for hormone synthesis, and the remainder returns to the extracellular fluid pool. Iodide uptake is the critical first step in thyroid hormone synthesis. Ingested iodine is bound to albumin and transported to the follicular cells of the thyroid gland.
The minimum daily iodine intake to maintain normal thyroid function is 150 µg in adults. About 115 µg enter the thyroid daily at normal rates for thyroid hormone synthesis and secretion. The thyroid secretes 75 µg per day as iodine in T3 and T4. Forty µg of Iper day diffuses into extracellular fluid. The secreted T3 and T4 are metabolised in the liver and other tissues, with the release of 60 µg of Iper day into the extracellular fluid. Some thyroid hormone derivatives are excreted in the bile, and some of this iodine is reabsorbed via enterohepatic circulation. There is a net loss of Iin the stool of approximately 15 µg and in urine 485 µg per day 4, 5 .
The World Health Organization recommends a daily dietary iodine intake of 150 µg for adults, 200 µg for pregnant and lactating women and 50 to 120 µg for children. The average daily dietary intake of iodine is approximately 500 µg in the western world 4, 5 .
Iodine is atomically the heaviest of the four common halides and serves important biologic functions. These include regulation of basal intracellular metabolism by its incorporation into T3 and T4. It also acts as a co-substrate for neutrophilic lysosomal myeloperoxidase, thereby potentiating the bactericidal capacity of polymorphonuclear leukocytes. The postulated mechanism of germicidal activity of iodine involves the electrophilic reactions with enzymes of respiratory chain and amino acids from the cell membrane proteins located in the bacterial cell wall. The micro-organism is irreversibly damaged because of the dislocation of the respiratory chain. The germicidal activity may also be due to iodine being an effective oxidising agent 1,4-6 .
The polyvinyl-pyrrolidone iodine complex is water soluble and is active against bacteria, spores, fungi and viruses 8, 9 . Povidone-iodine is extensively used intra-and postoperatively for wound irrigation to promote antisepsis [10] [11] [12] . Ten percent povidone-iodine Days in ICU µgm/l 
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Anaesthesia and Intensive Care, Vol. 39, No. 1, January 2011 is a water soluble solution, reddish-brown in colour with an approximate pH 4.5 and contains 90% water, 8.5% povidone, 1% iodine and iodide. The free iodine concentration is one part per million or 0.0001%. Released free iodine is dependent on the concentration of the solution and follows a bellshaped curve. Dilutions of less than 0.05% lose the polymer complex characteristic of povidone-iodine and behave like aqueous iodine solution. Small amounts of released free iodine remain in dynamic equilibrium with the complex and undergo chemical reactions characteristic of iodine until all the available iodine is exhausted 6, 10 . Povidone-iodine administered through any route can result in systemic absorption of iodine with its accompanying toxicity. The amount of iodine absorbed will vary according to the concentration, the amount applied and route of administration 10, 13 . Free iodine levels are low in iodophors but the standard stock solution of Betadine contains enough free iodine to cause systemic and fatal sideeffects on absorption 7 . The systemically absorbed iodine is carried in the blood stream bound to serum albumin and is excreted by the kidneys.
In a clinical study of absorption and excretion of iodine after Betadine by any route, the blood levels correlate well with urine iodine levels. Laboratory and technical problems prevent the serum/urine iodine levels being estimated in most of the cases 5, 8, 15 .
Most patients tolerate iodine excess without any significant physiological disturbance. The normal response to a single dose of iodine with respect to thyroid function is biphasic. There is an initial hyperthyroid phase followed by saturation of the gland and then by a hypothyroid phase. The rapid renal clearance of iodide allows for resumption of normal thyroid function after a single excess dose of iodine 10 .
The signs and symptoms of iodine toxicity are nonspecific, anecdotal, sporadic and potentially lethal. The minimum lethal dose of iodine in humans is unknown 13 .
Early clinical signs of acute systemic iodine/iodide toxicity stem from the stimulation of exocrine gland secretion producing rhinorrhoea, conjunctivitis and a serious exudative cough. Other manifestations of iodine toxicity include fever, rash, subcutaneous nodules, nausea, diarrhoea, mental status changes, metabolic acidosis, hypernatraemia, hyperosmolarity, leukocytotoxicity, renal failure, hepatic failure, abnormal thyroid function, cardiovascular collapse, seizures and death 2, 7, 8, 10, 13, [16] [17] [18] [19] [20] [21] [22] . Over-estimation of chloride is due to the presence of the second halide 7, 19 . The pre-terminal phase of acute systemic iodine/iodide toxicity is due to the high serum iodine concentration which can cause refractory high anion gap metabolic acidosis, lactic acidosis, cardiogenic shock and death 7, 19 . The presence of a halide gap may indicate iodide retention 14 .
In the context of normal serum haptoglobin levels in our patient, we conducted further investigations on a normal control to identify the reason for the positive Schumm's test. In order to determine whether a high level of plasma iodine had been responsible, serial dilutions of povidoneiodine (1% weight/volume) in normal plasma (1:1 to 1:200) were prepared and spectro-photometry performed. A positive Schumm's test (a peak in optical density at 623 nm) was unable to be detected. This experiment was repeated with normal whole blood, and on this occasion a peak was observed at povidone concentrations over 1:100. These results are interpreted as indicating that, at high concentrations, povidone-iodine produces intravascular red cell haemolysis.
The treatment of iodine toxicity is supportive and excess iodine can effectively be removed by haemodialysis 10 .
CONCLUSION
Application of large quantities of providoneiodine to wounds is a common surgical practice. There is a risk of significant toxicity for the patient . An awareness of the problem is required.
